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Abstract 


A series of Survey tests have been eonducted in the l ev/is Research center _ 
substorm Simulation facility, the test specimens werj spacecraft paints, 
silvered Teflon, thermal blankets and solar array segments. Ihe samples, rang- 
ing in slae frem 3O0 to iooo em^ were exposed to mbnoenergetic eleetron energies 
from 2 to 20 keV at a current density of 1 nA/cm*. The samples generally behaved 
as eapacitors vrith strong voltage gradients at their edges. The charging eharaO- 
teristics of the silvered Teflon, Kapton, and solar cell covers were controlled by 
the Secondary emission characteristics. Insulators that did not discharge were 
the spacecraft paints and ihe c|uartz fiber Cloth thermal blanket sample. All other 
samples did experience discharges When the surface voltage reached -8 to -16 kV. 
The discharges were photographed. The breakdown voltage for each sample waS 
determined and the average energy lost in the discharge was computed. 


1. INTUODL'CtlON 


Many satellited In geosynchroneus orbits have experienced and are experienc- 
ing anomalous behavior irt their electrbftic systems at varibus times in their oper- 
1 2 

ational life. * This behavior is believed to be caused by the environment charging 
the insulator surfaces to the point that discharges Can occur. ^ These discharges 
v/ill produce an electromagnetic pulse Vhich can couple into the Spacecraft harness 
and cause an anomaly. Since parts of the satellite that are shaded can charge to a 
different value from a sunlit surface, the discharge can be between a shaded 
insuiator and the spacecraft structure. Therefore, in order to understand this 
Charging phenomenon, it is necessary to know how typical spacecraft materials 
respond to the charging environment and to determine what factors influence this 
charging. 

An Investigation to determine the materials characteristics under the charging 
conditions has been initiated at the NASA -Lewis Research Center under the joint 
USAF-NASA interdependency program. ^ This investigation is a continuation of the- 
work initiated to support the Canadian-American CommUniCations-Technology 
Satellite program. ^ 

"the approach used in the materials characterization testing was to expose 
selected-test specimens to simulated substorm conditions and determine their 
response to these conditions. The specimen surface potential and the specimen 
leakage current to ground were measured as a function of the simulation conditions. 
From this data the charge deposited and the energy stored in the Sample were com- 
puted. For those tests where discharges occurred, the surface potential at break- 
down, the charge lost and the energy dissipated in the discharge were determined. 
These tests were nun on simple samples to investigate the material characteristics 
as a function of material geometry, thickness, surface temperature and test dura- 
tion. Additional tests Were run on more complex samples to determine the effects 
Of assembly techniques, surroundings, and multiple surfaces on samples. 

This paper Will describe the results of survey-type testing conducted on the 
typical spacecraft external coatings listed in Table 1. The survey-type test is 
'^astcally a short duration test of 20 minutes at each beam voltage. This period is 
Sufficient to insure that the sample surface has come to its equilibrium potential. 
The tests were run in the Lewis geomagnetic substorm simulation facility. ^ The 
test results reported here are for 1 nA/cm** beam Current density tests. Unless 
otherwise specified all data is for dark Conditions with the sample at room tem- 
perature. More detailed test reports on the samples can be found in the 
literature. 
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Table I, LettC Materials Chafaeteri»ailon Studies 


Matei:ials te^teu 
spaceeraft paints 
S-13G nonconduetlve paint 
Conductive paints 
Sllveved Teflon samples 
Thermal blanket samples 
Kapton outer layer 
Quartz cloth outen layer 
Solar array segments 
Standard cells on fiberglass substrate 
Solar cells on flexible substrate 
Sola^ cells lelth conductive film coverglass 


2. PROCEDURE 

The typical data set for the testing is shown in Figure i. A capacitiveiy 
coupled, rtoncontactlttg surface voltage probe Is used to Verify that the initial sur- 
face potential was zeto and then swept across the test surface at fixed time inter- 
vals after the sample Charging started. Since the probe flmetlons with the beam 
operating, there Is no need to Interrupt the test to obtain the surface potential data. 
This procedure Is followed for the test duration and results in transient charging 
Curves for each test conditions, fiach time the probe Is swept across the sample, 
voltage profiles are automatically obtained. The typical steady-state profiles for 
insulating films shown In the figure. 



Figure 1. Typical Data Set of Materials Characterization Tests 



11^1 


Tho total leakage electron current to ground l3 meafsured aa a function of time 
after the tOhjt start. A typical example of the electron current flow to ground lf3 
shown in Figure 1, This current shows the characteristics of capacitor 
charging; an Initial surge decaying with time to a steady-state value. The charge 
deposited on the surface can he obtained by integrating this transient current (as 
sir.wn by the shaded area),* Once the charge and surface potential arc known, the 
capacitance and energy storage can bo computed. The steady-state values of the 
surface potential and leakage current can be used to compute the effective resist- 
ance of the sample. 

7'he same type of data can be used to obtain the discharge characteristics for 
the samples that es^pferienced discharges. The voltage probe is used to follow the 
surface voltage through the discharge. In this manner the breakdown voltage and 
the potential of the surface after discharge can be determined. The transient 
leakage current is used to determine the charge deposited up to the breakdown and 
the charge remaining after the discharge. From this data the charge lost and the 
energy dissipated in the discharge can be computed. 

3. IT ST IlKhl LiS 

3.1 Spaferrah Painljs 

3.1,1 SAMPLE DESCRIPTION 

Both conductive and nonconductive paint samples have been tested. The hon- 
conductive paint chosen for evaluation was the S-13G low outgassing white paint. 
This paint uses zinc oxide as the pigment with an RTV silicone as the vehicle. 

The sample dimensions were 17 by 20 cm by 0.02 cm thick. 

The conductive paints were black, white, and yellow conductive paints supplied 
by the Goddard Space Flight Center. These paints were formulated with conductive 
pigment to provide desired optical properties, The sample area was also 340 cm^ 
but the thickness was 0. 01 cm, 

3. 1.2 TEST results 

The results of the simulation test are shown in Figure 2. The conductive 
paints did not charge; the surface potential remained less than 1 V for all beam 
vollyge conditions. There was no apparent physical damage to the samples as a 
r esult of these tests. It is planned to conduct long duration tests of these samples 
to determine if there will be any time dependent degradation due to the electron 
bombardment. 
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Figure 2, -Spacecraft Paints Charging Surrey 
Data 


The nonconductive palilt does charge but soon reaches a limiting value of 
about -2200 V. The behavior is typical of those insulators \tfhose resistance 
decreases with voltage. The steady-state leakage current values verify this 
resistance decrease. There were no visible discharges during these tests nor 
was there any apparent damage to the samples as a result of the tests. It was 
noted, however, that the sample did *'eleclroflu6reSce" under eleetroti bombard- 
ment — it glowed in the beam. 

3.2 Silvered TeHon Sam|tles 

3. 2. 1 SAMPLE DESCRIf>TION 

All of the tests described in this section were conducted with 15 by 20 cm 
silvered Teflon samples, 0.013 cm (5 mil) thick, with the Teflon surface exposed 
to the electron flux. The sample was usually made by covering a grounded metal 
substrate with 5 cm wide strips of silvered Teflon tape. A conductive adhesive 
'"as used so chat the silver layer Was electrically grounded within a few ohmS. 

3.2.2 TEST RESULTS 

3. 2. 2. 1 Charging Characteristics 

The results of these tests are shown in Figure 3. The steady-state surface 
voltage profiles (a) show that the central portion of the insulator reaches a uniform 
potential dependent only ori the beam voltage. Therefore, the central portion bf 
the insulator seems to acquire the characteristics of a conductor »no transverse 
electric field. However, there is a very pronounced edge voltage gradient that 
appears to become more pronounced with increasing beam Voltage. Apparently 
these edge voltage gradients can drive currents around the edges contributing 
Bifmifir,antly to the total leakage current measured in this estperiment. 
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(a) STEADV-STATE VOUACE . — (b) SURFACE VOlTAdE AS 

profiles. ' FUNCTIONOF BEAM... 



Figure 3. Silver Teflon Charging Data 


If the steady-state surface potential for the central portion of the sample is 
plotted against the beam voltage, a linear relationship rtsult.S as shown In Figure 
3(b). The surface voltage is simply 1800 V less than the beam voltage for the 
range shown. Since 1800 V is approximately the value for the secondary emission 
yield to be unity, the surface Voltage appears to be controlled by the secondary . 
emission; the leakage currents are too small to Influence the sur^ce potential. 

If the leakage current transients are integrated, the charge deposited on the 
sample can be computed. A plot of this charge versus the central surface poten- 
tial for each test condition is shown in figure 3(c). The slope of this curve is the 
effective Capacitance of the sample. This curve indicates that the capacitance 
depends upon the surface voltage. ‘This effect is believed to be due to the edge 
effect on the surface voltage and not due to a change in the material dielectric 
coefficient. 

Once the charge and surface potential are available, the energy stored in the 
Sample can be computed. This result is shewn in Figure 3(d). 
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3.2. 2 . 2 tWSchafge Charaetepistics 

When the beam voltage ia increased above -12 kV. visible discharges occur 
similar to those shown in Figure 4. Pictured is a single discharge event as a 
result of bombardment with 20 keV electrons. Pinholes were deliberately placed 
in the center of each 5 cm width of tape. The discharges originate at the edges of 

the tape and the pinholes which are the places where the largest voltage gradients 
Would be expected. 



Figure 4. Discharges in silver Teflon Sample. 
Tape sample. Conductive adhesive 


The surface voltage and leakage current data obtained during a discharge test 
are shown in Figure 5.. The Voltage probe was swept at discrete time intervals 
and the leakage current was recorded every minute. The actual time of the dis- 
charge was. determined, from the recorder trace of the 'eakage current. The charge 
deposited up to breakdown and the charge remaining on the sample after breakdown 
was computed by integrating the leakage current. The surface voltage was obtained 
from the probe readings, the energy lost was computed from the charge and volt- 
age values. The effective value of the Capacitance also computed from the charge 
and voltage values, was essentially a constant. The distinction between partial 
discharge and major discharge depends upon the charge and energy lost in the dis- 
charge; in a major discharge a large fraction of charge and stored energy is lost. 

Typical characteristics for the discharges irt silvered Teflon samples are 
summarized hi PigUre 6. One assumption made in these studies is that a single 
sweep across the sample provides a voltage profile representative of the entire 
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sample. This aSSOmptloh \»aS verified by CortipaHng samjJle surface potential 
profiles obtained just before and just after discharge i»lth Computed surface volt- 
age values. These values were conaimted using a One-dirnenslonal model for a 
silvered Teflon capacitor,. These values are -id, 100 V before discharge and 
-6500 V after discharge. These Values are in good agreement with the actual 
probe readings of Figure 6(a). Hence, It appears that the voltage obtained from 
the probe sv^eep is representative of the whole Sample. 

The transient current pulses during a major discharge under 20 keV electron 
bombardment have also been obtained. A typical pulse Is shown In Figure 6(b). 

The duration of this pulse IS on the order of 300 nseC while the peak amplitude 
ranges between 20 and 100 A_ The maximum values of charge represented-by this 
pulse (from Integration of the area Under the curve) are oh the order of 15 pC 
instead of the 50 to 60 jC of charge lost in-discharge as computed from the surface 
voltage readings. The replacement current does not appear to compensate for all 
the charge that is lost In the discharge. A modeLof the discharge phenomenon Is 
being developed. 

AS a result of the discharge tests there Was some silver loss at the tape edges 
where the discharges originated. The loss was concentrated at the discharge 
location and did nOt appear to increase with time up to test times of several hours. 

It was possible that the outgassing Of the adhesive in the CfaCkS between the 
tape might have influenced the discharging characteristics. To investigate this a 
test was conducted with a single sheet of silvered Teflon mounted on a wire frame 
with a minimal amount of adhesive on the sample back. Again the Teflon faced the 
electron beam. The sliver layer Was wired directly to the electrical ground. The 
test results were similar to those of the tape samples. The visible discharges 
observed under 20 keV electron bombardment are shown in Figure 1. This is a 
time ekposure and represents about three major discharges. It appear? that if 
there is any outgassing, it does not appreciably change the discharge 
characteristics . 

3.3 Themal Ble .Let Sauples 

3.3.1 SAMPLE DESCRIPTION 

Four different types of Kapton outer layer blankets were evaluated in this 
series of tests. These samples are shown in Figure 6. Sample A, B, and D have 
0. 013 cih (5 mil) thick Kapton aS the outer layer. Sample C has a 0. 005 cm (2 mil) 
thick Kapton outer layer. Sample D has a sewn edge construction while the others 
have open edges, the interior portions of the blankets are 15 or 20 layers of 
aluminized Mylar. All metallic layers of all blankets Were grounded througjh the 
electrometer, m all cases the samples were tested with the Kapton layer facing 
the electron source. 




3.3.2 tEiST RESUi.TS 

3. 3. 2. 1 Charging CharacteriStlfcS 

The charging characteristics ar6 shown In Figure 9. The steady-state -oltagfe 
profiles (Figure 9(a)) show the same characteristics as the silvefed Teflon film: 
uniform potential across the central portion of the Kapton with very strong grad- 
ients at the edges, the distortion in the voltage profile at the right hand edge 
(above 5 kV beam voltage) occurred when the probe passed close to a blanket 
grounding tab. 


BEAlVt kV 



ALONG SAMt>LE 

(al STEADY-STATi VOLTAGE 
PROFILES. 



(bl SUWACE VOLTAGE AS FUNCtlON 
OF BEAM VOLTAGE. 


BLAlflClT CONFIGURATION 
THICKNESS. EDGES AREA 
MIL cm' 

o S OPEN 924 

O S OPEN 9» 

d 5 SEWN 

& 2 OPEN 413 



Id LHARGE DEPOSITED. 


I(jl energy STORED. 
FigUhe 9 


The plot o/ the stfeady-sthte voltage versus the beam Voltage (Figure &(b)) 
agaW shows a linear relationship fob the 0. 013 Cm (5 mil) thick Kapton. The 
surface voltage for the Kaptoh is 1200 V less than the beam voltage, atid again is 
controlled by the secondary emission Characteristics of the surface. The 0. 005 
Cm (2 mil) Kapton material begins with the surface voltage controlled by secondary 
emission. However, above “-5 kV Surface voltage, the effect of leakage Current 
begins to slow the rise in surface Voltage. This effect is expected based on the 
lower bulk resistance. 

The charge deposited per unit surface area and the energy stored per unit 
surface area, are shown in Figure 9(c) and (d). The slope of the charge-surface 
voUage curve again changes with the voltage, showing that the capacitance varies 
with voltage. This variation is -belieVed to be due to the voltage gradients at the 
material edges. 

The conclusion from this work is that the charging characteristics of Kapton 
blankets do not appear to depend upon the method of edge treatment. The material 
thickness dependence is as anticipated. More pronounced effects of edge treat- 
ment Will be discussed when discharge characteristics are reviewed. 

3. 3. 2. 2 Discharge Characteristics 

The discharge characteristic data are shown in Figures 10 and 11. Generally, 
the discharge characteristics of the two 0. 6l3 cm Kapton open edge blankets 
(Figures 8(a) and (b)) were similar. The 0. O05 cm kapton blanket and the sewh 
edge blankets (Figures 8(c) and (d)) behaved in a similar manner. Therefore, the 
discharge characteristics will be discussed only in terms of sCwn edge blankets 
and open edge blankets. 

The discharge characteristics of the sewn edge blankets are shown in Figure 
10(a). in this figure the surface voltage probe traces just before and after dis- 
charge are displayed. Using the transient leakage current data to obtain values 
for the charge, and the computed value of the capacitance, the surface Voltage has 
been calculated and superimposed on the voltage probe traces. The agreement iS 
very good. Applying these techniques to all of the test data results, in the break- 
down characteristics listed, it has been found that the initial breakdown for each 
beam voltage test above -10 kV occurred when the average surface voltage was 
about -10.4 kV. After this initial breakdown subsequent discharges occurred 
When the average surface potefttial reached -8. 2 kV. The energy dissipated in 
these discharges is relatively loW. The number of discharges per unit test time, 
however, is fairly high. 

The visible discharges observed on the sewn edge blanket are shoWn in 
Figure 10(b). the characteristic of the discharge is that of a glow of light over 
the kapton surface with definite discharge spots at the thread line of the blanket 
edges. It is believed that this sewing acts as the trigger for the discharge. 


SURFACE VOLTAGE, kV 




The discharge characteristic^ of the open edge blahkets are shown in Figure 
il(a). Here, only the trace after the dweharge has been obtained. The -i2 kV 
limitation of the surface Voltage probe prevented measuring the surface potential 
profile before discharges occurred. The agreement betv^een the available voltage 
trace and computed average voltage is still good. As one cah see from these char- 
acteristics. it retiuires a large voltage to cause the breakdown, but when it does 
discharge the energy dissipated is very large. Almost all of the stored energy in 
the blanket is lost. The visible discharges from this type of discharge are shown 
in Figure 11(b). The discharges appear as streaks Originating at either vent holes 
or grounding points and extending across the blanket surface. 


3. 3. 2. 3 Effect of Sunlight on kapton Blanket Characteristics 

A sunlight -eclipse simulation test was conducted using an open edge Kapton 
outer layer blanket (Figure 3(a)). The surface Voltages measured during this test 
are shown in Figure li The conditions throughout this test were: -10 kV beam 
voltage with a 1 nA/cm beam current density. The test was started with the sam- 
ple potential at zero volts and then exposed to the electron flux with the solar simu- 
lator off. The sample charged to about -9 kV as expected. The effective resistance 


of the sample under the dark steady-state conditions was 3. 6 x lo“ 


ohnis. 



fhSmal Bl^?^s 


The solar simulator waa turned on 30 minutes after the teSt started and re- 
mained on for an additional 30 minutes. The surface voltage and the leakage cur 
rent changed Immediately (the step (n the curve was cauSe by the two-stage turn 
Oh requirement of the solar simulator). After 3o minutes In the sunlight (at about 
3/4 Solar intensity), the surface voltage was decreased to about -200 V and the 
sample effective resistance reduced by 3 orders of magnitude (to 3. 6 x lo®ohms). 
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At thlfl point the simulator was turned art ahd the sample allowed to charge up 
again. The charging l-ate tor thl eclipse cycle was slower than the first eclipse 
cycle. After the 30 mlrUites in the dark, the surface voltage reached only -7 kV 
corresponding to an effective resistance of 4- X Ohms. Turning the Solar simu- 
lator back on drOVe the the surface voltage back down to the -200 V level. 

The test was repeated with the beam voltage set at 20 kV with a 1 nA/cm beam 
current density. The Initial dark eclipse simulation resulted in a series of dis- 
charges^. When the simulator was turned on, the surface potential dropped again 
to about -200 V and all discharge activity ceased. After 20 minutes into the second 
eclipse simulation the potential was only about -6 kV with no discharge activity. 

The behavior appears to be related to the photoconductivity effect reported 
for Kapton. The Kaptofl material has shown an immediate decrease in bulk 
resistance with illumination and appears to slowly return to the original properties 
when returned to dark conditions. The Kapton behavior exhibited in these tests is 
probably not the result of photoemission from the sample since no other ma'.erial 
tested with the solar simulator exhibited suCh an immediate and pronounced drop. 
The. reduction in bulk resistivity Could be enhanced by an increase in the sample 
temperature. But this should take a finite time to cause the change. 

3.3.3 QUARTZ CLOTH OUTER LAVER BLANKET SAMPLES 

TWo samples of thermal blankets with AstrOquartz cloth substituted for the 
Kapton outer layer Were tested. One sample had a sewn edge (provided by Rock- 
well International, Inc. ) while the second had open edges. 

The test results are shown in Figure 13(a) and (b). The steady-state surface 
voltage as a function of beam voltage (Figure 13(a)) shows that the surface charges 
only to slightly more than -4 kV under a 20 kV beam test condition. The charac- 
teristic Corresponds to a sample in which the resistance increases with the surface 
voltage. The sample effective resistance is shown in Figure 13(b). The transient 
leakage current data indicate that there is little, if ahy, charge stored in these 
samples. 

There Wer-e no discharges observed during these tests. However, as with the 
S-130 pamt sample, the blanket did electrofluoresce In the beam. A picture of 
the sample glowing is shown in Eigure 14. 

3.1 Solar Array Se^ents 

3.4.1 SAMPLE description 

Three different solar array segments were evaluated in this test series. The 
segments are shown in Figure 15. Segment A is called the standard solar array 
segment, it Is an array of 24 2- by 2-cm cells In series. The ceils are 10 mils 
(0.025 cm) thick, iO ohm-cm resistivity, N on P type solar cells. The cover 
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.slides are 12 mils (0,03 cm) fu.s6d .silica (Corning 7040), The cells are bonded to 
a Kapton sheet which Is bonded to a flberglas.s .sheet. One end of the fiberglass 
board is covered with a grounded metal plalo The flbfergla .s on the other three 
edges of the segment l.s uncovered and expo.scd to the electron '.lux durtftg the test- 
ing, The electrical circuit of the segment Is grounded throug!) the electrometer 
for the tests. 

.Segment B consists of 27 2- by 2-cm cells In a series /parallel configuration. 
These cells are mounted directly on a 3-mll (0. 00"-cm) Kaptoh-flbergla.ss flexible 
substrate. The cells are 8-mll (0, ()12-cm) thick, 1 ohm-cm solar cells. The 
cover slides are 4-mll (0. 006-cm) thick cerium doped microsheet. This segment 
has been constructed using the same techniques employed In manufacturing tho 
Canadlan-Amerlcan Communications Technology .Satellite array. 

Segment C consists of nine 2- by 4-cm cells In a series /parallel configuration 
with a conductive coating on the coverslldes. These cells are mounted on a fiber- 
glass board with about a 0. 6 cm fiberglass border exposed at all four edges. The 
cells are 11-mll (0. 028-cm) thick, 15 to 45 ohm-cm solar cells. The cover slides 
are 12-mll (0.03 -cm) fused silica (Corning 7940) with a thin, transparent conduc- 
tive coating applied by the Optical Coatings Laboratory (OCLI), The conductive 
coatings on each cell have been connected together at the four corners and elec- 
trically grounded. During the tests of this segment, the current collected by the 
conductive covers is monitored separately from the current collected by the array 
circuit. 

3.4.2 test results 

3. 4. 2. 1 Charging Characteristics 

The characteristics of the standard and flexible substrate segments (Figure 
15(a) and (b)) are shown in Figures 16 and 17; the conductive coverslide segments 
will be discussed later. In Figure 16 the voltage profiles across the two segments 
are shown for various beam voltages. For both segments the effect of the edges is 
pronounced when the beam voltage exceeds -5 kV. The most severe voltage grad- 
ients are produced at the Interface between the coverslldes and the border. In 
fact, there is evidence that the border can control the charging of the coverslldes 
(See Figure 16(a)), This effect suggests that material samples should be tested 
with the flight conflguraiion boundaries in order to evaluate properly the behavior 
of any particular satellite exterior design. 

The steady-state surface voltage reached by the coverslldes and the substrates 
as a function of beam voltage, the charge deposited and energy stored In the seg- 
ments are shown in Figure 17, The error bars on the voltage curves represen* the 
range of values across the samples. 
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The surface Veltage C irve for the standard segment coversUde and the fiber- 
glass are straight lines. This implies that the surface voltage for both is con- 
trolled by the secondary emission characterlstibs of each material with the fused 
sUita being a slightly better ertUter^ 

The surface voltage curve for the flexible substrate segment indicates that the 
cerium doped microsheet cov6rslldes charge to a lesser value than the fused silica 
and behave as a material whose resistance increases with voltage, this behavior 
may be the result of the charging of the border and may not be real. This will 1-3 
verified In future tests on the mlcrosheet alone. The Kapton-flberglass substrate 
behaves as expected. The Surface voltage is controlled by secondary emission 
until the surface potential reaches about -9 kV at which point the leakage current 
influences the voltage and the curve starts to fall off- 

The charge deposited on the coverslldes of both segments, along with the 
energy stored, is shown in Figure 17(b) and (c) as a function. of the coversUde 
average voltage. Fr*om these curves it is evident that, although the same charge 
is deposited on the flexible substrate segment aS the standard segment, the energy 
stored in the flexible substrate segment IS considerably less. This effect may be 
due to the charging of the substrate boundaries- Ih any case, the techniques used 
in constructing the flexible substrate segment appear to minimize the charging ©f 
the segment. 

3. 4. 2. 2 Discharging Characteristics 

The discharge characteristics of Only the standard array segment have been 
obtained. For this segment, discharges are observed When the beam Voltage is 
about -14 kV. A picture of a typical discharge is shoWn irt Figure 18. The dis- 
charges seem to originate at the edges of the coverslideS and culminate in a flash 
of light over most of the coverslidCs. ThCrC is no apparent physical damage to the 
coverslldes due to these discharges. The voltage -current characteristics of the 
segment are the same after this test as before. Long time discharge tests are 
planned to determine if the discharges can eventually decrease the array 
performance. 

The discharge characteristics for this segment have been obtained from the 
leakage current measurements as shown In Figure 19. The charge stored Is com- 
puted by integrating this current. The breakdown voltage Is Computed from the 
value of the capacitance and the computed charge deposited up to the point of dis- 
charge. the energy lost In the discharge is obtained by computing the energy 
stored at the time of the discharge and the energy remaining after the discharge. 
The average results for the three partial discharges and the 15 major discharges 
are tabulated on figure 19. As Can be seen the discharges seem to occur between 
-8 and -9 kV. In a partial discharge only about 25 mJ are lost whereas the full 
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figure 18. Discharges 
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60 mj staged in the segmeht are l06t th a major diaeharge. The reasons for 
partial discharges in some testa and major discharges in other tests are still to 
be established, 

3. 4, 3 Effeet of solar simulation on Flexible Substrate Segment 

It is known that sunlight will increase the Conduction in Kapton^® exposed to 
the lights This increase would result in lowering the surface potential and possi- 
bly prevent discharging. However^ there is a question of what would happen to the 
dark dielectric surfaces behind the solar cells if the array, were exposed to a sub- 
storm condition While the cell side was illuminated. Would there be discharges? 

Or would the reduced-resistivity of the illuminated Kapton affect the darkened 
areas? A test has been conducted at the LeRC to determine the response to these 
conditions. Additional testing of a similar array segment has been conducted in 
the ESTEC facility. 

The flexible substrate segmeht \tfas mounted in the LeRC facility Such that the 
dielectric side was exposed to the electron fluX. A Infrared, quartz arc lamp was 
mounted in the tank so that the light would illuminate the cell side of the segment 
at about 0. 5 sblar intensity. Test runs were made at several voltages at a beam 
current density of 10 nA/cm^ first with the lamp off for 3o mlhutes, then with the 
lahop oh for 30 minutes, followed by 60 mihuteS again Itt die dark ahd finally, 30 
nilhutes with the lanip on again. The total number of discharges detected by the 
loop antenna 50 cm from the Segment Was counted at each beam current voltage. 

The results for the -10, -12, ahd -14 kV beam voltage tests are shown In Figure 
20. Similar trends were found in the -16, -18, and -20 kV teStS. 

As is apparent from Figure 20, the segment e.xtierie.iced numerous discharges 
when the segment was it. the dark initially. When the light was turned on the dis- 
charges stopped immediately. When the lamp was agab turned off, the discharges 
occurred again, but at a significantly lo'ver rate. Even the lower rate was termi- 
nated when the lamp was again turned on. Therefore, the light on the cell side of 
the segmeht seems to stop the discharges that occur when the dielectric side is 
bombarded with kilovolt electrons while the cell electrical circuit is grounded. 

The reason for this behavior is either due to the photOcondufctlvity effect in Kaptoi. 
or thermal effects in the dielectric (there was no attempt to control or measure 
the segment temperature during these tests). 

The discharges that were observed during this test are shown In Figure 21. 
This pldture is a multiple discharge exposure of the segment in the dark while the 
dlelebtric Is bombarded. The majority of the discharges occur at the cell inter- 
connects. This implies that the Kaptoh-flberglass cloth is charged to a point where 
there is a breakdown through the cloth to the grounded Uiiercoimect. {Preliminary 
calculations indicate that the surface potential is about -8 to -9 kV at the discharge 
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which is sufficient to bfeak do^n the thili Kdpton sheet between the fiberglass 
strands. 

After rurtning tests oil the segitieiit for* about 40 bout's, a marked decrease ih the 
numbef t>f discharges Was noted. The segment Was removed from the facility and 
inspected. It Was found that the cloth was punctured at every interconnect. This 
apparently reduced the number of discharges per unit time. There was ho degra- 
dation of the cell characteristics as a result of these tests. 

3. 4. 2. 4 Conduetive Coverslide Test Results 

This segment was exposed only to a limited test. The voltage profiles obtained 
are shown in Figure 22. These profiles show that the conductive coverslides re- 
mained at ground potential while the surrounding fiberglass boundary charged to 
rather high potentials. In fact, these reached a point Where discharges between 
the fiberglass and the thin conductive covers were possible. Therefore, the test 
was stopped. The -fiberglass Will be covered and grounded and the test will be 
repeated. 


CONDUCTIVE co\.:rslide array segment 

FIBERGLASS lUNCOATEDI 

! 

pmi TRACK : 1j 



POSITION, cm 


Figure 22. Steady-state Surface Voltage 
Profiles of Solar Array Segments 


The conductive coVersllrtes did collect currents proportional to the cell area 
and the beam current, as expected. There Were no nohuniformltles observed In 
the voltage profile over the conductive coverslides. The location of the gaps 
between the cells was barely discernible. The sample was very well behaved. 
The results again pointed out the neeci to test samples in flight configurations so 
that the effects of the surroundings can be evaluated. 


4. C0M:U IH\4; RKMAHKS 


A of sUrVey tests h£ive beeA conducted in the Levels fte^e^rch Center 

geomagnetic subetorm simula4ion facility on typical spacecraft materials. The 
samples, ranging in size from 300 to lOOO cm^ were exposed to mohoerergetic 
electron energies from 2 to 20 kev at a current density of I nA/cm . 

in general, all the insulator materials behave as if they VvCre capacitors with 
one surface at ground potential while the surface facing the electron beam came to 
an equilibrium potential that depended upon the secondary emission, baCkscatterihg, 
and-leakage currents. Strong voltage gradients were found at the edges of the Sam- 
ples and these must be considered in treating the sample as a simple capacitor. 

The effective capacitance of the sample appears to change with surface voltage as 
a result of this edge voltage gradient. Solar simulation changed the charging 
Characteristics of the samples either because of phOtoemission, photocondUction, 
or thermal effects, t'inally, it was found that the surroundings can influence the 
charging of the samples. Therefore, realistic evaluations of the behavior of mate- 
rials for a specific design must include the effects of the surroundings in the flight 
configuration. 

The samples in which discharges did not occur were the spacecraft paints 
(both conductive and honconductive), quartz cloth samples and cundUctlve cover - 
slide Solar drfay segments. In the case of the S-13G paint and the quartz cloth 
the Samples were charged to limited voltage values, but they did "electrofluoresce** 
in the electron beam. 

All of the Other samples tested did discharge. The discharges normally orig- 
inate at the sample edges or at imperfections on. the surface. These are the places 
Where the Voltage gradients are the most severe. The discharges were visible and 
have been photographed. The discharges occurred when the surface potential was 

in the range of -8 to -12 kV. The energy lost in the discharges was computed to 

2 

be in the range ot about 0. 6 mj/cm for the aolar. array segments tb about 2 mj/ 
cm^ for Kapton blankets. Construction techniques and surroundings were found tb 
influence the discharge characteristics bf the samples so that the evaluattbn for a 
particular spacecraft design shbuld involve testing in flight configurations. 

There are two scaling factors that still must be resolved. The first is the 
geometric scaling, oi* how to determine the characteristics of very large space- 
craft surfaces from tests On small area samples. In order to obtain this scaling 
factor, large area tests in very large facilities must be Conducted. SuCh a test. 
f>rogram is being considered for the near future. 

The second scaling factor is the environmental scaling or the transition from 
monoenergetic electron fluxes to the distributed energy* plasma of space, one 
attempt at this extrapolation is given irt another piaper of this session. The final 


answer will come only after spate-flight data on the materials characteristics 
have been obtalrted from experiments such as those on SCATHA. 

The testing program that has been described here will continue until all of the 
significant parameters for the various spacecraft materials have been evaluated. 
The information gathered will be issued in reports and catalogued for incorporatiort 
In the Design Criteria Handbook that is to be the main output of the jOJit AF-NASA 
Spacecraft Charging Investigation. 
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